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Introduction
Asbestos is a general term for a group of fibrous silicates. Diseases such as asbestosis,
bronchogenic carcinoma, and mesothelioma have been linked to asbestos exposure (1,2). The
two classes of asbestos, serpentine and amphibole, are distinguished by differences in structure
and chemical composition (3). The amphibole crocidolite contains 27% iron while the serpentine
chrysotile contains only 2-3% iron. The higher iron content of crocidolite is proposed to be a
contributing factor for a much higher incidence of cancer with crocidolite exposure compared
with chrysotile exposure (4). Iron mobilized intracellularly from asbestos fibers may participate
in the formation of reactive oxygen species that can cause DNA damage (5,6).
One focus of study in Dr. Ann Aust's research program is to determine the mechanism by
which asbestos causes DNA damage leading to mutations and cancer. The concentration of
glutathione (y-glutamylcysteinylglycine, GSH) plays a role in this mechanism. GSH is an
intracellular, non-protein thiol which has several biological functions including the detoxification
of xenobiotics and the regulation of cellular redox state. GSH can act as a reducing agent for the
sulfhydryl group on cysteine residues within the structure of many proteins (7). The activity of
certain enzymes may be sensitive to GSH concentration if they contain cysteines involved
directly in catalysis or in the formation of cysteine-cysteine bonds that maintain the tertiary
structure of the enzyme.
The determination of GSH concentration is a key assay in investigating the mechanism by
which asbestos causes DNA damage. A decrease in intracellular GSH has been observed in A549
cells, a human lung epithelial cell line, upon exposure to crocidolite asbestos (8,9). Golladay et
al. (9) found that this GSH concentration decrease in A549 cells was though efflux of
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intracellular GSH to the extracellular environment. This decrease in GSH concentration is
hypothesized as a step in the mechanism through which asbestos causes DNA damage and
mutations which lead to cancer. Enzymes in signaling pathways leading to gene induction may be
sensitive to changes in GSH concentration as explained above (10-12). The synergistic effect of
iron mobilization from asbestos and a decrease in GSH concentration may activate these
signaling pathways. Research by Park et al.(8) showed that conditions that simulated the
crocidolite-induced increase in iron concentration and a decrease in GSH concentration within
A549 cells activated non-receptor kinase pp6osrc,a possible intermediate in a pathway leading to
NF-KB activation. The nuclear transcription factor NF-KB induces several genes including the
inducible form of nitric oxide synthase (iNOS). NO produced from iNOS along with reactive
oxygen species formed by iron may damage DNA leading to mutations. Further research by Park

et al. ( 15) showed that iron from crocidolite and NO caused a synergistic increase in mutations in
a transgenic V79 cell line, G 12. This suggested that a new oxidizing species was being produced
that reacted with DNA. Thus, since iron and NO were necessary for DNA damage and a decrease
in GSH was needed for NO production, measuring GSH concentration is a vital tool in
examining this mechanism.
Monobromobimane (mBBr) is a thiol-specific fluorescent probe that has been widely
used to label both small and large biomolecules containing a sulfhydryl group. It is stable in
buffered solution, membrane permeable, and non-fluorescent when brominated (13). A method
for determining GSH concentrations using rnBBr, HPLC, and a fluorescence detector has been
developed and published by Fahey and Newton (13). This method has been used to determine
GSH concentration in many cell types though there are no published uses of mBBr with A549
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cells. The enzyme-recycling method has been used in previous research to determine GSH
concentration (14). The method using mBBr has several advantages over the enzyme-recycling
method. These advantages include a higher sensitivity, the ability to distinguish oxidized from
reduced GSH, the separation of small intracellular thiols through HPLC, and the ability to label
thiols in intact cells.
The purpose of the research presented here was to adapt the mBBr method for GSH
detection in A549 cells because of the method's sensitivity and ability to bind thiols in intact
cells. Increased sensitivity translates into fewer cells to culture and will save money for supplies
and chemicals. The ability to bind thiols in vivo eliminates the possibility that GSH would be
oxidized or reduced during extraction from the cell. The GSH-bimane complex is very stable and
should not cleave during the extraction of the intracellular fraction. While mBBr successfully
penetrated intact cells and bound GSH the observed concentrations were inconsistent. More
experimentation is necessary to increase the precision of the assay.

Methods and Materials

Chemicals
Crocidolite was obtained from Dr. Richard Griesmer, NIEHS/NTP (Research Triangle
Park, NC) and contained 27% iron by weight. Monobromobimane (mBBr), methane sulfonic
acid, glutathione (GSH), acetonitrile and cysteine were obtained from Sigma Chemical Company
(St. Louis, MO). Acetic acid, sodium hydroxide and the reagents used to prepare phosphatebuffered saline (PBS) were obtained from Mallinkrodt (Paris, NY).
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Cell Culture
A human lung epithelial cell line (A549) with characteristics of alveolar epithelial type II
cells was used for these studies. The A549 cells (ATCC CC 1185) were obtained from American
Type Culture Collection (Rockville, MD). The cells were cultured in Ham's F12 cell culture
medium without Fe 2 SO4 (Life Technologies, Grand Island, NY). Complete growth medium was
composed of F12, 50 µg/mL gentamicin (Whittaker, M.A. Byproducts Inc., Walkersville, MD),
10% fetal bovine serum (Summit Biotechnology, Ft. Collins, CO and HyClone, Logan, UT) and
1.176 g NaHCO/liter of medium to obtain a final pH of 7.4.

Treatment of cells
The method for GSH detection in A549 cells was adapted from a procedure for GSH
detection in V79 (hamster lung fibroblasts) cells (13). The cells were cultured in flasks until 75%
confluent, then dislodged with trypsin, resuspended in the Ham's F12 medium, counted using a
Coulter cell counter (Coulter Electronics, Inc., Hialeah, FL), and plated at a mass culture density
of 20,000 cells/cm 2 in T75 tissue culture flasks. After the cells were allowed to recover for 24 h,
they were treated with crocidolite at the indicated concentrations. After 24 h, the complete
growth medium, containing the fibers that were not phagocytized, was removed. The cells were
rinsed with PBS once and dislodged with 0.25% trypsin (Life Technologies, Grand Island, NY)
without EDT A.

Detection of Intracellular Reduced GSH
Cells were resuspended into 5 mL of PBS and a 500 µL sample was removed for a cell
count. A 1.8 mL aliquot of the cell suspension was placed in a 15 mL centrifuge tube. Under red
light 0.6 mL of 16 mM mBBr in 90 mM NaCl, 80 mM Tris-HCl, pH 8.0 was added to the tube.
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After a 15 min incubation in the dark at room temperature the solution was gently mixed and
duplicate 1 mL samples were added to two centrifuge tubes. Care was taken to expose any
sample containing mBBr to red light only. After centrifugation for 7 minutes at 14,000 g the
supernatant was aspirated and 100 µL of 20 mM methanesulfonic acid were added to the cell
pellet in each tube. The pipette tip was used to gently disrupt the pellet to get cells into
suspension. The tubes were frozen in liquid nitrogen and then rapidly thawed in a water bath at
37 °C. After three repetitions of freezing and thawing, 100 µL of 4 mM sodium methane
sulfonate - 0.02 mM methanesulfonic acid were added to the lysed cells. The solutions were
centrifuged for 7 minutes at 14,000 g and 1.0 mL of supernatant from each tube was transferred
to separate 1.5 mL tubes. The tubes were wrapped in tinfoil, placed in a labeled freezer bag, and
frozen at -80° C.

Preparation of Thiol Standards
All stock solutions and standards were prepared under red light to prevent any significant
photolysis. The GSH and cysteine solutions were prepared at 10 mM by weight in 10 mM
methanesulfonic acid. A stock mBBr solution was prepared at 180 mM in acetonitrile. The thiol
was added to a final concentration of 1 mM to a 2 mM mBBr in 20 mM Tris-methane sulfonate
solution (pH 8.0) . The mixture was incubated in the dark for 15 min at room temperature.
Methanesulfonic acid was added to 25 mM using a 5 mM stock solution. The 1 mM bimane
thiol standard solution was diluted to 1-5 µM in aqueous 10 mM methanesulfonic acid for HPLC
injection. The standard was prepared fresh for each series of injections.

Discussion
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Monobromobimane appeared to successfully penetrate A549 cells and react with small
intracellular thiols, such as GSH and cysteine. The predominant peak in the intracellular samples
co-eluted with the principle peak from the GSH samples. However, the GSH concentrations
determined using mBBr varied widely as seen in Table 1.
The concentrations of GSH observed intracellularly for control cells were usually higher
then expected. Results using the enzyme-recycling method with untreated A549 cells at a cell
concentration of 1.2 x 105 cells/mL show intracellular GSH concentration around 22 ± 3 nol /10
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cells (9). The average GSH concentration using the mBBr method for control was 29 ± 5 nol /
106 cells.
There are several possible explanations for the inconsistency in measured GSH
concentration. First, changes in cell density and cell culture are known to affect the GSH
concentration. With a low cell density a higher GSH concentration is observed then with a higher
cell density. The data obtained using the mBBr method does not reflect this trend since samples
with low cell density frequently have higher GSH concentrations than high cell density samples.
The cells are very sensitive to changes in their environment and any differences in cell culture
between the samples might contribute to the differences. Second, the method requires exact
measurements of very small concentrations. Any variation in pipette measurement or human
error could be amplified to the widely varied observed concentrations.

While the mBBr method shows promise, it is not yet a reliable alternative to the enzymerecycling method for GSH concentration determination in A549 cells. Further experiments must
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be done that keep cell density, cell culture, and pipette measurements constant to determine the
methods utility.
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Table 1
Determination of GSH Concentration in Control and Treated A549 Cells a

Treatment

Ceil number

GSH

(nmol / 106 cells)

Control

9.84 X 106

34.2

Control

11.8 X 106

25.6

Control

11.6 X 106

31.7

Control (Kevin Smith)

9.06 X 106

23.2

Control (Ryan Owens)

6.88 X 106

29.2

3 µg / cm 2 Crocidolite

5.82 X 106

4.85

3 µg / cm 2 Crocidolite

8.72 X 106

5.17

3 µg / cm 2 Crocidolite (KS)

3.55 X 106

1.46

3 µg / cm2 Crocidolite (RO)

2.72 X 106

6.60

A549 cells were treated with 3 µg / cm2 crocidolite for 24 hours. After harvesting, cells were
analyzed for intracellular GSH concentration using the mBBr method.
a

